INTRODUCTION
With the application of improved culture tech- niques, the number of new virus isolations has increased rapidly during the past decade. It is apparent that a simple, meaningful basis for systematic grouping of these viral agents is now urgently needed. In August, 1962, the Virus Subcommittee of the International Nomenclature Committee made some recommendations on virus nomenclature and grouping (51) , but, presumably because of incomplete information, they were unable to provide any procedure for classifying new virus groups. This paper attempts to provide a simple guide to animal virus grouping, based upon virus size as determined by filtration. The major groups of viruses which result are in no way different from the present taxonomic order but rather exist within it.
GENERAL CONSIDERATIONS ON BASIC CRITERIA FOR DEFINING MAJOR VIRUS GROUPS Classification of viruses of vertebrates was recently reviewed and described in detail by Andrewes (2, 3) . Certain criteria such as nucleic acid type, virus size and structure, and sensitivity to inactivation by physical and chemical means are fundamental characteristics for defining the major groups.
Nucleic Acid Type Animal viruses consist of a nucleic acid core enclosed in a protein coat; the cores contain either ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) (35) . Because of this basic chemical difference, animal viruses have been divided into two groups (15) . Several techniques may be used to determine the type of constituent viral nucleic acid. For example, multiplication of a DNA virus is inhibited by the presence of halogen derivatives of deoxyuridine (5-fluorodeoxyuridine or bromodeoxyuridine); multiplication of a RNA virus is relatively unaffected by these compounds (22) . The appearance of Feulgen-positive intranuclear inclusions in infected cultures is another indication that the virus is probably DNA in nature. In addition, examination with ultraviolet light of virus-infected cells stained with fluorochrome acridine orange, or electron microscopic examination of preparations stained with uranyl acetate, may suggest the nature of the virus nucleic acid type. In the acridine orange preparations, yellowish green fluorescence is usually an indication of DNA, and Electron microscopy. Size and shape of a virus can often be determined by electron microscopic examination when the necessary facilities are available. Ultrathin sections of virus-infected tissues permit a direct-approach to the determination of virus size,-but distortion of the virus particle may occur during the process of fixation and dehydration. These techniques have been reviewed and discussed by Williams (54) and, more recently, by Valentine (50) . The development by Horne and his colleagues of negative staining techniques with the use of electron-dense salts, such as potassium phosphotungstate, has permitted visualization of virus fine structures (11, 25) . Previously unseen details in both surface and interior structures of many types of virus have been revealed ( Fig. 1 and 2 ). The contributions of this technique to the understanding of virus structures are manifold, and aid considerably in devising systems of virus classification (36) .
Ultrafiltration. One of the simplest and oldest methods for estimating virus particle size is ultrafiltration. This is usually done by passing a virus suspension through a series of collodion membranes of graded porosity. The size of the virus is related to the size of the pores in the finest filter through which infectious virus particles pass. Several limitations and complications have been encountered (17, 18) (47) .
Acid lability. Sensitivity to low pH may be used to distinguish certain virus subgroups. As reported by Hamparian et al. (22) , some viruses retain full infectivity when exposed to pH 3.0 for 30 min, whereas other viruses are completely inactivated by such treatment.
Influence of receptor-destroying enzyme (RDE) treatment of erythrocytes on viral agglutination. Certain groups of viruses will not agglutinate erythrocytes that have been treated with RDE, although the untreated cells were readily agglutinable. There are, however, other types of viral agglutination which are not affected by this treatment. Thus, hemagglutinin sensitivity to the RDE-treated erythrocytes is characteristic of certain groups of viruses (12 (20) . Later experiments by others (16, 21) (31) , and stained preparation of infected cells showed no intranuclear inclusions. Upon filtration through Gradocol membranes, the virus was found to be large, passing through a 310-mA membrane but not through a 150 mA filter (Table 2) . Again, the virus could not be placed into a systematic order, although it was noted that a large, ether-sensitive viral agent, probably a myxovirus, was involved. The final classification of this agent as parainfluenza 5 was not accomplished until recently (32) .
A similar situation might be encountered in any virus laboratory, especially one dealing with clinical specimens from varied sources. Hence, there is great need for simple tools for grouping "new"l agents to place them into a taxonomic position.
ULTRAFILTRATION AND VIRUS SIZE ESTIMATION
Ultrafiltration with Gradocol membranes has been employed for the past decade to determine the size of viruses (9, 17, 18, 46) . Unfortunately, the complexity of the filter apparatus and the limited supply of the Gradocol membranes restricted the use of this technique. Now, however, commercially produced membranes (Millipore 10 -mtt. These membranes were sterilized by exposure to ultraviolet light for 10 min on each side. Virus infectivity in the suspension was determined before and after filtration, and virus size range was estimated according to the virus infectivity retained by the filters of the smallest pore diameters.
Comparison of Millipore Membrane and Gradocol

Membrane for Filtration of Viruses of
Established Groups Viruses of representative groups commonly encountered in a virus laboratory or with human disease were selected for the comparison. Tables 3  and 4 show the data obtained with Millipore membranes as compared with results reported in the literature for Gradocol membranes. Table 3 is concerned with the filtration of DNA viruses. Poxvirus and herpesvirus are considered to be large viruses, since infectious viruses were not recovered in their filtrates after passing fluids through 100-, 50-, and 10-mi APD filters. Adenoviruses belong to the medium size range because they passed 100-mi/ APD even though at reduced titer. The papovaviruses are in the small size range. Similar results were obtained with RNA viruses (Table 4) . Parainfluenza, respiratory syncytial (RS), and measles viruses were considered to be large viruses since they did not pass through the 100-, 50-, or 10-min filters. Reovirus types 1, 2, and 3 belong to the medium size range; enteroviruses are in the small size group. Two arbovirus serotypes, Bunyamwera and Eastern equine encephalitis (EEE), were also included with the filtration experiments and were placed into large (Bunyamwera) and small (EEE) virus categories (Table 4 ). This observation confirmed a previous report that the sizes of these two arboviruses were different (46) . At present, arboviruses are classified primarily on the basis of their serological properties (13) 33, 34, 37, 38) . Classification of these viruses has been a problem. During our studies on characterization of simian viruses, Millipore membranes have been used for estimating the size of these viruses (8) . Results obtained from several lots of membranes were reproducible, and representative experiments on the filtration of simian viruses are shown in Table 5 . No infectious virus could be detected in the filtrates of SV5 after the virus fluid was passed through Millipore filters of 100-, 50-, and 10-m, pore sizes. A significant residual titer remained in fluid containing SV1, SV51, SV12, SV17, SV23, SV25, SV27, SV30, SV32, or SV33 after passing through a 100-mIA APD filter, and no infectious virus was recovered in the filtrates passed through 50-mn APD filters. On the other hand, infectious virus was found in filtrates of SV16, SV18, SV26, SV29, SV35, and SV4o passed through both the 100-and 50-mIA APD filters. For confirmation, Gradocol membranes of appropriate pore diameters were selected according to each virus size range as determined by the preliminary Millipore filtration. For example, Gradocol membranes with APD greater than 100 mrn were used for filtering SV5. Membranes of APD smaller than 50 my but larger than 10 mIA were used for SV16 or SV40. For SV11 and SZV12 Tables 3, 4 , 5, and 6) indicate that animal viruses can readily be grouped into three size categories as summarized in Table 7 . Large viruses are those that did not pass through a filter of 100-miA porosity; medium size viruses passed through a 100-mtt filter with significant residual infectivity titers; and small viruses passed through both 100-and 50-mA filters.
Based on the results in Tables 3 and 4 , and taking into account other properties such as ether sensitivity, stability in acid pH, and the ability to agglutinate RDE-treated erythrocytes, in addi-* Modified from Atoynatan, Hsiung (8 (Hsiung, 29) . DNA and RNA viruses are subdivided on the basis of filtration through Millipore filters: large, viruses which do not pass through a 100-mr Millipore filter; medium, those which pass a 100-but not a 50-mM filter; small, those which go through a 50-mM millipore filter. Sens. = sensitive; Res. = resistant; RDE = receptor-destroying enzyme.
tion to nucleic acid types, a simplified scheme for animal virus classification has been derived. This is summarized in Fig. 4 . An outline of the proposed taxonomic scheme is given below. For detailed description of each virus group and subdivisions within each group, the reader is referred to the recent publications by Andrewes (2, 3) and by Hsiung (29 
